Abstract. For solving the difficult problem of leakage detection and diagnosis in pipeline, a method with random forest fusion and independent component analysis was proposed. Firstly, the theoretical background of random forest and independent component analysis was introduced. The ICA was used to reducing noise of the negative pressure wave signal and the flow signal. Then the RF fusion model was set up. The random forest data mining method is used to determine the characteristic parameters as the input parameters of random forest fusion to classify the working conditions of the pipeline network. The experimental results show that this fusion method can improve the accuracy and effectiveness of pipeline leakage diagnosis.
Introduction
For improving the accuracy of pipeline leak detection, and solving the problems of poor real-time performance and low efficiency in the existing manual inspection methods, some scholars have begun to study the wireless sensor network [1] . Multi source signal sensor information fusion is a kind of information fusion which is composed of many kinds of homogeneous or heterogeneous sensor information. Therefore, the fusion of multi-heterogeneous sensor information in the time domain can get more accurate results of pipeline working conditions.
As an uncertainty evidential reasoning method, D-S evidence theory can solve the problem of the conflict between diagnosis results. It is widely used in the field of fault detection [2] . The D-S reasoning method is used to solve the problem of heterogeneous sensor information fusion. But in the actual application process is too redundant, the performance of real-time was poor. Wang et al. [3] proposed a fusion method combine with back propagation neural network and multilayer D-S reasoning. Although this method has a good applicability and high accuracy of missing diagnosis, it is difficult to obtain the basic probability assignment in some practical application. Wang et al. [4] proposed a fusion method applied support vector machine to the D-S reasoning. The accurate rate of pipeline leakage discrimination is promoted, but it is not suitable for the field application of large data quantity. In this paper, a novel method of pipeline network leakage detection and diagnosis based on independent component analysis and random forest fusion is proposed.
Theoretical Background Noise Reduction Use Independent Component Analysis
Independent component analysis is a powerful tool as separate instrument for pipeline leakage detection and diagnosis, take a great effect on separating a blind source signal into fault source signal [5] . Let n-dimensional vector sets measured by n sensors 
Equation.1 is the independent component analysis signal mixed model. The principle is in the case of the signal source s and the mixed matrix H are all unknown, establish a separate matrix W, the mutually independent components y are extracted from the mixed signal x, the extracted components should be fitted as far as possible to the source signal s that the ICA denoise could described as:
(2) Where, G is global transmission matrix. Enabled the I G  (I is n-order identity matrix) through learning，namely s y  ，the separation effect is the most ideal at this time. In practical application, if the G is permutation matrix, the separation can be achieved.
The main principle of ICA noise reduction is using the independence of the metric and the optimization method to obtain the optimal solution of the decomposition matrix W. In this paper, the negative entropy maximization algorithm and fixed-point fast iteration optimization methods are used, that is, the Fast ICA algorithm.
Random forest
Because of the random decisions above ensure the randomness of sampling and splitting, even if the branch does not cut out, the situation of over-fittings is less prone to appear. After the establishment of the random forest model, whenever there is a new input sample as input, all sets will go through the decision tree classification and then set to vote to determine the final results based on the decision tree classification results. 
The strength of the forest is the expectation of the edge function, A sample passes through each decision tree in the random forest will return to its OOB error estimation. The estimation of the generalization error of the whole forest can be obtained by calculating the error of the OOB in the whole decision tree in the random forest. Breiman proved by experiment [6] . The generalization error of classifier combination is estimated using cross validation [7] may cause a very large amount of computation, which leads to the problem of low efficiency of random forest. Compared with the cross validation, the OOB estimation can improve the efficiency, and the results of OOB estimation are close to the results of cross validation.
Experimental Analysis Single Pipeline Leakage Detection
In the simulation of the pipeline network leakage experiment, the six sections of pipeline leakage simulated devices are composed of, which are composed of water pumps, valves, metal pipelines, and so on. Negative pressure wave sensors and flow sensors are used for collecting signal sensor. The result of pipeline condition is divided into 5 types: normal, transmission, adjust valve, upstream leakage, downstream leakage.5 sets of 60 different working conditions were used as the original data to ICA noise reduction processing and extraction of features.
Denoising the negative pressure wave signal and the flow signal of each point (where the method of ICA noise reduction refer to one dimensional time series ICA in reference [8] ), and then selected average value, margin factor, variance value, root mean square, pulse factor, kurtosis, peak value, waveform index, peak-to-peak value, root mean square amplitude features input as the characteristic parameter could construct random forest fusion model for diagnosis and detection of single pipeline. According to the confusion matrix, it could be seen that that the accuracy rate of the classification of the random forest is 93%, the accuracy rate of upstream leakage is 100%, and the accuracy rate is 90%. Where F1 to F10 are represented, F1 peak-to-peak value, F2 pulse factor, F3 root mean square, F4 root mean square amplitude, F5 kurtosis, F6 waveform index, F7 average amplitude, F8 margin factor, F9 average value, F10 peak value. From the Fig.3 , we can see the influencing degree different characteristic parameters for the random forest fusion classification, filter out the lesser among them can simplify the input feature vector, reduce the complexity of the calculation. It also can be seen that the negative pressure wave characteristics are dominated compared to the flow characteristics.
Pipeline Network Leakage Detection
After the negative pressure wave data and the flow data of each point denoised, and the front feature of the important degree of the random forest features were selected. The preprocess of structured a random forest fusion classifier for the pipeline leakage detection was done. In order to verify the accuracy and efficiency of the RF fusion based on ICA noise reduction for the pipeline network leakage detection and diagnosis model, the back propagation neural network (BPNN), the model of support vector machine and Dempster-Shafer (SVM-DS) were compared. And also the model of RF fusion based on ICA noise reduction was compared with the model of RF fusion based on wavelet packet transform extract the energy values of each frequency band. The results of the experiment are shown in table 2. The accuracy of RF fusion for pipeline leakage diagnosis was 5% and 2.2% higher than SVM-DS model and BPNN model respectively. On the operational efficiency, the RF fusion pipeline network diagnostic model is close to the SVM-DS model, the running time is shorter compared to the BPNN model. Because each sensor contains leakage time and energy information of pipeline network leakage, RF pipeline network diagnosis model is more accurate than the RF pipe section diagnosis model, but the time cost will increase.
The ICA noise reduction method based was improved with the accuracy rate of 2.8% on the random forest classification based on the feature vectors extracted by the wavelet packet transform.
Summary
Random forest fusion is a non-parametric classification method based on data transmission, it needn`t choose many parameters. The random forest fusion classification model is applied to classify the working condition of the pipeline network. Compared with the D-S evidence fusion, BP neural network and other methods, the RF classification model could get better discrimination accuracy and efficiency in the condition of the pipeline network. Features after input the random forest fusion will return their OOB estimate, and then we could get the importance relationship between the characteristics. It is a method to do data mining of the characteristics, by this way, it could reduce the complexity of the algorithm input data set and improve the efficiency by using characteristics mined form the random forest fusion.
